A novel extracellular phospholipase C (PLC) was purified from a marine streptomycete. It had a molecular mass of 28 kDa as estimated by SDS-polyacrylamide gel electrophoresis. Its enzyme activity was optimal at pH 8.0 at 45 C. The PLC hydrolyzed only phosphatidylcholine. Its activity was enhanced 300% by Na þ (200 mM), suggesting that the purified PLC is a typical marine-type enzyme.
Phospholipase C (PLC) catalyzes the hydrolysis of phospholipids and generates diacylglycerol (DG) and organic phosphate. It has been found in a variety of microorganisms. 1) Some PLCs are of interest for biotechnological applications. For example, phosphatidylcholine (PC)-specific PLC (PC-PLC) from Bacillus cereus, which is active even in water-saturated organic solvents, can be used in reaction systems to produce chiral 1,2-diacylglycerides for the pharmaceutical industry.
2) The PLC from a marine strain of Pseudoalteromonas in our previous report, which is specific for phosphatidylethanolamine (PE) as well as PC, can have favorable effects in the oil-refining process. 3) In the present paper, we introduce another interesting PLC that is produced by a streptomycete strain and is stimulated extensively by NaCl.
Approximately 400 marine bacteria that exhibited PLC activity were collected in a qualitative assay on PYC plates, following the method of Kim and Rhee. 4) Among these, the most active strain (strain 3424) was selected by a quantitative p-nitrophenylphosphorylcholine (p-NPPC) PLC assay. 5) One unit of PLC activity was defined as the amount of enzyme that cleaved 1 mmol of p-NPPC to p-nitrophenol and phosphorylcholine per min. Based on a sequence alignment of its 16S ribosomal DNA (GenBank accession no., EU 872210) using the NCBI BLAST server, strain 3424 was classified as a member of the genus Streptomyces. The main culture medium for the production of PLC was sea water complex (SWC) medium. PLC was purified from 10 liters of culture supernatant by ammonium sulfate precipitation and ion exchange and gel filtration column chromatography. Production of DG from PC by the purified PLC was confirmed with a thin-layer chromatography (TLC)/flame ionization detector (FID) analyzer (Iatron, Tokyo, Japan) to rule out contamination by alkaline phosphatase or phospholipase D. 6) Protein concentrations were measured using a Bio-Rad Protein Assay Kit (Bio-Rad, Hercules, CA, USA), with bovine serum albumin as the standard.
7)
We obtained nearly 0.6 mg of purified PLC from 10 liters of culture broth. The final specific activity was 85 U mg À1 protein, so that purification of about 59-fold was achieved relative to the crude enzyme, with a yield of 18% (data not shown). The molecular weight was estimated to be 28 kDa (Fig. 1A) , which differs from those of other known PLCs from streptomycetes but is similar to that of B. cereus PLC. [8] [9] [10] The purified enzyme hydrolyzed PC to produce DG (Fig. 1B) . The enzyme was relatively stable over a temperature range of 4-35 C, and the optimal temperature was 45 C (data not shown). The optimal pH was 8.0, and stability was greatest at pH 7.0 (data not shown). These temperature and pH values are not significantly different from those of other PLCs from streptomycetes. 8, 9) To determine the substrate specificity, each phospholipid substrate was incubated with the enzyme using the method of Iwasaki slightly modified, and was tested for DG production.
8) The phospholipids tested were phosphatidylethanolamine (PE), phophatidylglycerol (PG), phosphatidylserine (PS), phosphatidylinositol (PI), diphosphatidylglycerol (DPG), sphingomyelin (SP), and PC. Of these, only PC produced a significant amount of DG. Taking the substrate activity of PC to be 100%, the relative activities of the other substrates were 2.76% (PE), 0.91% (PI), 0.36% (SP), 0.33% (DPG), 0.29% (PS), and 0.17% (PG). The range of PLC substrates differs according to the source of the enzyme. The PLC of S. hachijoensis showed a broad range of substrates, including PC, PI, and SP, 9) whereas that of S. antibioticus was PI-specific. 8) This study is the first report of a PC-PLC from the genus Streptomyces.
AS for the effects of metal ions (50 mM) on the enzyme activity, Na þ and Ca 2þ had stimulatory effects, whereas other metal ions had inhibitory effects: Mg 1, 11) To evaluate the Na þ dependency of the enzyme, its activity was determined with increasing concentrations of Na þ in a reaction mixture containing p-NPPC as the substrate (Fig. 2) . A clear-cut increase in enzyme activity was seen at high concentrations of NaCl (over 50 mM) and this stimulatory effect was proportional up to 200 mM Na þ , with an almost 3 fold increase at 200 mM Na þ as compared with the enzyme activity without Na þ . This result is absolutely characteristic of marine enzymes, which require Na þ for maximal activity. 3) Because it is generally thought that Na þ can replace the H þ produced by the ionization of free fatty acids at the lipid/lipase interface to maintain suitable pH conditions for the lipase reaction, the surfaces of marine enzymes must be equipped with numerous hydrophilic charged amino acid residues, and their Na þ dependency appears to be correspondingly impressive. 12) This PLC can be applied in industrial processes that must be carried out under salty conditions, e.g., the enzymatic hydrolysis of lipids in food wastes and the selective production of DG using crude enzyme preparations. 
Concentration (mM)
Relative activity (%) Fig. 2 . Effects of Na þ Concentration on Phospholipase C Enzyme Activity. The enzyme was incubated with 100 ml of p-NPPC (1 mg/ml) in 50 mM Tris-HCl (pH 8.0) at various concentrations of NaCl ( ).
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